Results of an estimation of the possible contribution of fission products into the abundance of atomic masses for transiron elements and xenon isotopes in different objects of the Solar system are presented in the work. A recent systematization of the mass distribution of fission fragments for actinide nuclides and compound nuclei of superheavy elements at low excitation energies has allowed to reveal the humps on the mass distribution curves of Solar system matter that are analogous to the mass fragment distributions at asymmetric fission for nuclei of thorium and uranium, and superheavy elements (Z ≈ 114 and 126). These results are in accordance with the ratios of heavy xenon isotopes, found out in products of fragmental fission. Two basic sources of fission fragments in transiron area are revealed for matter of the Solar system. The first of them, connected with the fission of superheavy progenitors and characterized by Dy, Pt and Te enrichment (A = 164, 195 and 130), is typical for carbonaceous chondrites and the Solar photosphere. The second one, connected with Th and U fission and having the maxima of Sr, Zr and Ba abundances (A = 88, 94 and 138) is observed in the crusts of the Earth and the Moon. In the suggested scenario the basic phase of r-process occurred after a synthesis of actinide and superheavy nuclides and was the reason of local modifications in the humps of their fission fragments distributions which coincide with the "waiting points" of r -process.
Introduction
Abundances of chemical elements in different objects of the Solar system are kept substantially constant and equal to the ratios established during star nucleosynthesis. Moreover many of these ratios were formed in internal shells of stars which cannot be subjected to a spectroscopic study now. The information on it is "stored" in elemental abundances in nondifferentiated objects or in an average composition of the big bodies in the case of local migration of matter in cosmochemical and geochemical processes. It is possible to use these abundances for search of signatures characteristic for distribution of fragmental fission of the heaviest nuclei formed in star nucleosynthesis on the base of construction of atomic masses distributions for transiron elements in objects of the Solar system. r -Process scenarios with fission recycling do not allow so far to determine parental fissioning nuclides.
It has been shown earlier [1] , that the humps on a curve of atomic mass distribution in carbonaceous chondrites (A = 130, 164 and 195) can be approximated by distributions of light and heavy fragments after they emit neutrons and undergo β -decay. These fragments could be products of asymmetric fission of the progenitors having Z = 114 0 -1 and Z = 126 0 -2 . The received result appears to be well coordinated with a systematization of mass distribution of fission fragments of compound nuclei in the superheavy region [8] .
Actinide elements have a low abundance in carbonaceous chondrites and their fission fragments of primordial nucleosynthesis are poorly visible in a mass distribution curve for these meteorites. Objects which are enriched in uranium and thorium with the enrichment of at least two or three orders higher than in carbonaceous chondrites, are of special interest in this case. However, such objects are connected to the differentiated bodies and only their average composition can approach the element distribution in star nucleosynthesis. Fe nuclei might be seen as seeds for nucleogenesis of the heaviest elements in various scenarios. Normalizing of abundances of atomic masses relative to iron enables to receive comparable results for different objects.
Xe isotopes (A = 132, 134, 136) are stable products of β -decay of fission fragments. Heavier decay products can serve as indicators of the contribution of fission fragments of actinide nuclides, and the lighter ones -of the contribution of superheavy nuclides fission.
The purpose of this report is to show the signatures of presence of fission fragments in matter of objects of the Solar system which have retained "memory" of a primary star nuclei synthesis of their heaviest progenitors.
Cumulative atomic mass distributions in matter of the Solar system.
The elemental abundances in matter of various objects of the Solar system [Ref. 2 -5 in the title of Fig. 1 ] have been used for the calculation of atomic mass distributions in these objects. Isotope yields for various elements are taken from [2] . Though these yields for the same elements can be different in various objects, the difference does not considerably change the cumulative mass distributions as do the distinctions in abundances of chemical elements in various objects, which are as well caused by their nucleosynthesis .
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The curves of mass distributions for some regions of transiron elements have some features which can be described by yields of fission fragments [1] . Two types of mass distributions are indicative of the presence in primordial matter of the Solar system of two, at least, basic nucleosynthetic sources of fission fragments.
One of them is fixed in carbonaceous chondrites and photosphere of the Sun, having the low abundances of uranium. The objects mentioned above are characterized by Dy, Pt and Te enrichment (A = 164, 195 and 130). The even-odd fluctuations in the mass distribution related to s-process are weakened in peaks at mass numbers 130 and 164, and almost completely disappear at A=195 (Fig. 1A) . The latter can be explained by the general tendency in a decrease of abundance of s -process nuclides with an increase in their mass number. These peaks are connected usually with the significant contribution of the nuclei formed in r-process -fast capture of neutrons by iron nuclei [2] . However, the mentioned features can arise as well upon addition of products of spontaneous fission of superheavy nuclides (Z ≈ 114 and 126) to s -process nuclides [1] . In non-magmatic iron meteorites IAB, the nuclide abundance in A = 195 area for which data are available, appears the highest among objects of Solar system and, hence, the content of a superheavy progenitor with Z ≈ 126 could be the highest as well 
Other source of fission fragments can be seen in objects with high uranium contents: the Earth and the Moon crusts (Fig. 1B ). There is a well expressed maximum А=138, and also some close located maxima of a different height A = 88 and 94. A decrease of even-odd differences of the mass distribution is typical for them as well. Occurrence of these maxima is caused mainly by an enrichment of crusts of the Earth and the Moon in Ba, Sr and Zr, respectively. According to the rules of "unchanged charge density" and equality of β -decay chains [6] , the maxima near A = 88, 94 and 138 can correspond to light and heavy fragments of Th and U nuclear asymmetric fission. But the best coincidence with masses of the most longlived isotopes of these elements ( 232 Th and 238 U) turns out to be in the case of their fission in the excited state.
The estimated values of masses of natural parental nuclides and fragments of their fission before neutron emission are fairly well coordinated with the systematization of average masses for the prompt fission fragments after fission of actinide nuclides [6] , Rf [7] and compound nuclei of superheavy elements in the vicinity or below the Coulomb barrier [8] (Fig. 2) . [7] , of compound nuclei in the superheavy region (open circles) [8] . Upper and lower series of the data are charges and masses of the compound [8] and possible natural [1] superheavy nuclides, accordingly.
The abundance ratios among nuclides of light groups of fission fragments (A = 88 and 94) are about the same as those of their parent nuclides -Th and U, accordingly, in the Earth and the Moon crusts. The strong minimum on the curves of mass distribution which makes it
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Considering that the heights of fission barriers for Th, U and superheavy elements are in a rather narrow range of values (5.5 -7.0 MeV, according to [9] ) it is possible to assume that their ratios are equal to those of total masses of their fission fragments and remainders of the parent nuclides. An approximate estimate shows, that in a remainder after the induced fission at supernova explosions and in jet flows from neutron stars no more than 10 -3 parent nuclei should be left. The calculated value allows the abundance of superheavy elements (SHE) to be estimated in various natural objects depending on their lifetimes.
III. Contributions of fission fragments to xenon isotopes
Numerous analyses of the ratios of heavy Xe isotopes (A = 132, 134, 136) testify that the mixture in substance of the Solar system is mainly a two-component one (Fig. 3) . It could be formed as a result of fission fragments contribution input of the two basic sources of synthesis of parent nuclei for them. Xe ratio for the xenon released from products of spontaneous and neutron-induced (I) fission of actinide nuclides and matter of different objects of the Solar system: carbonaceous chondrites (straight crosses) [10] , ordinary chondrites (inclined crosses), iron meteorites (open triangles on the inset) [11] , achondrites (closed squares) [11, 12] , nanodiamonds (open cirles) [13] , Earth's mantle gases (open squares) [14, 15, 16] , Earth atmosphere (closed triangle) [15] , Solar wind (close diamond) [14] , ancient zircons (closed cirles) [17] , Oklo natural nuclear reactor [18] Xe can be a result of the greater contribution of fission fragments of superheavy nuclides. It is fixed in carbonaceous and ordinary chondrites, iron meteorites, the Solar wind as well as in deepness gases and in the atmosphere of the Earth. An enrichment in heavy xenon isotopes of nanodiamonds from meteorite Efremovka can be explained by addition of fission fragments from the second source of nuclei synthesis enriched with fission fragments of actinide nuclides.
The composition of xenon isotopes in the Earth's crust was formed under the influence of deepness degassing and the contribution of products of fragmental fission of uranium and 244 Pu after the Earth accretion. As a result of the hard accretion of the substance to be included into the Earth's crust, the substance loses Xe isotopes. While there are only very rare evidences of the presence of the given component in Xe isotope analyses in the samples of the Earth's crust impoverished by uranium (for example, Sudbury norite retained at various temperatures in Figure 3 )
In Figure Pu after these objects were formed.
It is interesting to note, that the line of xenon isotope mixture is not in the field of points of neutron-induced fission of separate isotopes of actinide elements and samples from Oklo natural nuclear reactor where the neutron-induced fission also prevails. This means that the positions of humps on the curves of atomic mass distributions (Fig. 1) are analogous to those of on the distribution curves at spontaneous fission.
Conclusions
The explanation of a way and time of formation of actinide and superheavy nuclides during star nucleosynthesis can be based on the following facts from the mass distributions of chemical elements and xenon isotope ratios in substance of the Solar system. The masses of parental nuclides of thorium and uranium (228 and 234 accordingly), found out as the sums of fission fragments (A = 88, 94 and 138) and approximately two neutrons emitted at spontaneous fission appear to be by 4 а.m.u. less than their real value for their long-lived isotopes U nuclei occurred from the excited state. It is well known that neutron multiplicity at fission increases by one upon excitation of a nucleus with every 7 -8 MeV [6] . It leads to the value of 30±2 MeV for the excited state energy of these nuclei at the moment of the induced fission.
The specified excitation of nuclei is not connected with r -process as the trajectory of ratios of heavy xenon isotopes in matter of the Solar system passes outside of a field of the neutroninduced fission of actinide nuclei (Fig. 3) . It is possible to exclude also the processes of 232 Th and 238 U photofission that are responsible for the distributions of xenon isotopes which are similar to the distributions after fission by neutrons [22] . In this case, neutrino-induced fission can appear more realistic [23] ; however, mass distributions of fission fragments caused by one are not known yet.
The small widths at half maxima of the mass distribution of fission fragments (~ 8 a.m.u.) in Figures 1A and 1B are not characteristic for nuclei fission. The very narrow hump observed for 260 Md fission distribution and explained by the shell effect [24] , is a rare experimental fact in the vicinity of the area of superheavy elements. This phenomenon (Fig. 1) can be connected to the subsequent fast capture of neutrons by fission fragments in r-process. It should lead to a narrowing of humps of the mass distribution for the fragments, having a magic number of neutrons. Indeed, the maxima А=88, 94; 130 and 138, on the one hand, as well as the maximum 195, on the other hand, are under influence of the so-called closed neutron shells N=50, 82 and 126, accordingly. Atomic nuclei with these "magic" neutron numbers are fairly stable towards neutron capture. Narrow mass distributions in the "waiting points" of r -process are well reproduced in the theoretical models wherein the possible contribution of fission in the final mass abundances has been taken into account [25, 26] .
In the scenario suggested by the author the basic phase of r-process proceeds after synthesis and fission of actinide and superheavy nuclides and this is the reason of local modifications in humps of their fission fragments distributions which coincide with the "waiting points" of r -process. In author's opinion, with this scenario it is possible to explain also the origin of a controversial component "CCFXe" (carbonaceous chondrite fission xenon), enriched in the heavy Xe isotopes and concentrated mainly in the host phases of carbonaceous chondrites [27] . The most probable source of CCFXe can be neutrino-induced fission of actinide nuclei which bring the main contribution to this component. The subsequent r -process could modify the distribution of fission fragments, leading to a significant enrichment of the heaviest Xe isotope -136 Xe. Absence of evidence for fission tracks in the host phases and into adjacent phases of carbonaceous chondrites indicates at the trapped origin of CCFXe. An enrichment in heavy Xe isotopes in achondrites, on other hand, is caused by 244 Pu spontaneous fission in situ that is proved also by a spectrum of distribution of heavy Xe isotopes and the presence of superfluous (over 238 U) tracks of spontaneous fission. Modeling of conditions of synthesis of actinide-and superheavy nuclides in view of the revealed facts is an object of research in the future. Synthesis of superheavy nuclides in rprocess at supernova explosions and in jets of relativistic particles, collimated by a magnetic field of neutron stars, is the prevailing assumption in the recent publications [23, 28] . However, one can see that nucleosynthesis of actinide and superheavy elements could proceed before the basic neutron flow appears.
The formation of actinide-and superheavy nuclides before r -process is supposed to take place in the core of massive presupernovae and crust of neutron stars where 56 Fe nuclei dominate. Consideration of interaction between 56 Fe nuclei, closely packed in clusters here [29] , can give interesting results for the transition of nucleosynthesis into actinide and superheavy regions. The number of 56 Fe nuclei in these clusters should grow as pressure increases. Structures of the packing necessary for the synthesis of heaviest nuclides are as follows: tetrahedron cluster of 56 Fe nuclei (A=224) can give actinide nuclei; triangle dypyramid (five 56 Fe nuclei in dense packing cluster, A=280) and octahedron (A = 336) clusters can lead to the formation of superheavy nuclides Z ≈ 114 and Z ≈ 126, accordingly. Neutronization of
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